Induction, carried out in a small clear-plastic box with 3,5 % (vjv) halothane in 30 :70 (vjv) oxygen: nitrous oxide, was quiet and rapid. Recovery was almost instantaneous. 2 % halothane in the oxygen-nitrous oxide mixture was sufficient for maintenance anaesthesia. The anaesthetic mixture was given by face mask in an open circuit specially designed to function at low gas-flow rates.
in hamsters in such a way that muscle biopsies can be obtained and the animals fully recover afterwards.
The purpose of this paper is to report a suitable method and the experience obtained with it. Marley & Payne (1962) were the first to describe a method of anaesthesia with halothane and oxygen suitable for newborn animals.
They stressed the speed of induction and recovery, and the homeostatic activity of the respiratory centre which kept the blood concentration constant. They used a Goldman vaporiser calibrated to give 0,1-4,0 % (v/v) halothane concentration in oxygen.
4 years later Parbrook (1966) , described another halothane vaporiser for small-animal anaesthesia.
This was calibrated with an ultraviolet analyser. Tn 1972, G. D. Parbrook (private communication) designed an all-glass vaporiser which he calibrated using a portable interference refractometer after a method described by Hulands & Nunn (I 970) . This vaporiser was incorporated into the apparatus used in our study.
MATERIALS AND METHODS
Animals 13 male and female normal and genetically dystrophic Syrian hamsters of the strain described by Homburger, Baker, Nixon & Whitney (1962) were used. The animals, aged 8-33 weeks, were starved in quiet surroundings for 12 hours before anaesthesia for the reasons given by AI-Azzawi & Stoward (I 973b). They were allowed access to water ad libitum, and were weighed immediately prior to anaesthesia.
Induction and maintenance of anaesthesia
Induction was carried out in a small, sealed, clear-plastic box using 3,5 % halothane, vaporised with a 70 :30 v/v nitrous oxide: oxygen mixture (British Oxygen Co Ltd, Tunnel Avenue, London, SEIO OJN), and normally required about 4 min. The animal was not unduly distressed and lost its righting reflex quickly.
It was removed for maintenance anaesthesia when the palpebral reflex was slowed, which normally occurred within 4 min. It was then placed on the operating table in the supine position with its head well inside a small mask ( Fig. I) . Anaesthesia was maintained satisfactorily for 25-30 min with 2 % halothane using the apparatus shown schematically in Fig. 2 .
The vaporiser
The vaporiser, in which the liquid halothane to be vaporised was stored, was of an all-glass construction (Fig. 3 ). The carrier gas flow was 2 litres a minute and the proportion passing over the halothane was adjusted by the means of a 2-way tap. Within the vaporiser was a central manometer tube and the vaporising gas was allowed to leave this central column through a small spout with an internal diameter 0·25 mm, the jet being directed onto the surface of the halothane in the reservoir by a glass cowling. The manometer indicated the pressure differential across the spout and consequently the flow of carrier gas which passed through the vaporiser.
When the tap was fully open the gas bypassed the halothane and the manometer read zero.
As the tap was closed the manometer level dropped and a flow of gas passed through the spout over the halothane.
The difference between the levels was proportional to the concentration of halothane vaporised. The vaporiser was calibrated with a portable interference refractometer of the Riken Keiki gas-indicator type ] 8, as described by Hulands & Nunn HALOTHANE ANAESTHESIA OF HAMSTERS 349 (1970); concentrations obtained ranged from 0,5 to 3,5 %, and were found to be stable over a temperature of ±5°C from the calibrating temperature of 20°C. A small total immersion thermometer placed inside the vaporiser monitored the temperature of the unvaporised halothane throughout anaesthesia.
The flowrate to the anaesthetised animals was adjusted to 500 ml/min using a T-piece, one limb of which, controlled by a gate clamp, carried 500 ml/min to the animals, the other took the remaining 1500 ml to a flowmeter.
The excess gas was directed to the operating theatre's ventilation extraction unit.
Assays of halothane levels in blood and muscle
Samples of blood (2'0 ml) from 4 young dystrophic hamsters were obtained by aspirating directly from the right ventricle under direct vision after 25 min of anaesthesia.
The halothane in a known volume of this blood was then extracted with an equal volume of cold (0-4°C) n-heptane as described by Butler & Hill (196] ).
The medial and lateral bellies of both gastrocnemii of the same hamsters were dissected out, cut into small pieces (approximately 2 mm 3), pooled, blotted dry with filter paper, weighed and immersed in 5,0 ml cold n-heptane. The muscle-heptane mixture was homogenised at 0-4°C by 2 bursts each of 5s in the homogeniser bursts.
After centrifuging the homogenate at -4°C for 15 min at 6200 g, the heptane-halothane supernatant was drawn off and stored at -2°C prior to assay by gas chromatography according to the methods of Douglas, Hill & Wood (1970) and Atallah & Geddes (1972 , 1973 . 0·1 I.ll samples of the n-heptane extracts (containing about I ng halothane) were injected, using a microsyringe (I 11m volume), into a gas chromatograph (series 104 Model 74; Pye Unicam Ltd, York Street, Cambridge, CB1 2PX) fitted with a heated electron capture detector unit and a glass column 1·5 m long, filled with 5 % SE 30 on a gas Chrom Q solid support (Applied Science Laboratories, Field Instrument Co Ltd, Tetrapak House, Orchard Road, Richmond, Surrey).
The peak height of the detector recorder was found to be proportional to the amount of halothane in the n-heptane injected.
Calibration was carried out with n-heptane solutions of known halothane concentration, and then with n-heptane extracts of blood mixed with known amounts of liquid halothane.
The efficiency of extraction (± s.e.m.) of halothane by n-heptane from solution in blood was 98·2 ± 1·7% (10 measurements). The coefficient of variation of the mean peak height for a given standard n-heptane extract was 0·52 % (10 measurements); this indicates that the method is highly reproduceable.
RESULTS

Conditions of halothane administration
The mean operating theatre temperature (± s.e.m.) was 21·9 ± I·O°C and the mean relative humidity 39-4 ± 2·8 %. Both were determined from thermohygrography records.
The mean initial temperature (± s.e.m.) of halothane in the vaporiser was 21·7 ± I·O°C. The mean maintenance concentration was 2·0% (range 1,5-2'5%) over a period of 25 min. The mean final temperature (± s.e.m.) of halothane prior to the termination of anaesthesia was 19·9°C ± 0·6°C. A mean volume (± s.e.m.) of 8,75 ± 0.53 ml of halothane was vaporised per hamster.
Effects of halothane on body temperature and respiration rate
The rectal temperature dropped to 31'0°C in normal and dystrophic hamsters during anaesthesia; the temperature could be raised to normal levels (36'1-38'9°q using a tungsten lamp (150 watt) placed a few inches away from the animals body. The respiration rate fell from a mean value of 40,3 ± 4·1 breaths/min after 5 min anaesthesia to 21·8 ± 1·0 after 25 min (Table I) . Table 1 . Respiratory rate per minute in halothane-anaesthetised (2 %) hamsters taken at 5 min intervals (13 animals). The normal mean respiratory rate of a hamster is 74 with a range of 33-127 (Kleinman & Radford, 1964) . 
Duration of anaesthesia (min)
Blood and muscle tissue halothane levels
The mean level of halothane in blood aspirated from the hearts of anaesthetised hamsters was 22·75 ± 2·69 mg/lOO ml (n=4). The mean level of halothane in dystrophic muscle tissue was 266 ± 36,8 mg/lOO g wet weight of muscle (n=4).
Increasing the time of homogenisation of muscle beyond 10 s did not alter the amount of halothane extractable by n-heptane.
Correlation between tissue and blood levels of halothane
A plot of tissue versus blood levels of halothane (4 samples) based on the equation y=a + bx 'showed a positive correlation (r= +0,94) using linear regression analysis.
This indicated a good correlation between the blood and tissue levels of halothane in each hamster (p<0·02).
DISCUSSION
According to Marley & Payne (1962) halothane is a quick and reliable anaesthetic agent for newborn laboratory animals.
We found that it is similarly efficacious with young and adult hamsters, including those with a myopathy where, if experience with humans is anything to go by (Ellis et al., 1972) , difficulties might have arisen. In our experience, induction is achieved simply and quietly within 4 min with 3,5 % halothane in a 30:70 vjv mixture of oxygen and nitrous oxide, and anaesthesia may be maintained satisfactorily with 2 % halothane.
Hamsters recover satisfactorily, with full righting reflex and ability to walk and feed within 10-30 min of the termination of anaesthesia.
In our apparatus, the anaesthetic circuit was constructed for low gas-flow rates and incorporated a specially designed vaporiser. The open circuit prevented any rise in gas pressure, although it did entail some wastage of what is an expensive and possibly toxic anaesthetic (Simpson, Strunin & Walton, 1971) . Gas flow turbulence was avoided and a thick-walled polythene tubing of reasonable diameter (6 mm) prevented a high resistence building up in the circuit.
The use of polythene prevented a reduction in the halothane concentration of the gas which occurs if rubber is used (Warren, 1964) . The mask, which fitted loosely over the hamster's head, was designed to keep the dead space to a minimum and to prevent either rebreathing of gas, or an accumulation of carbon dioxide, which normally occurs at such low flow rates.
The minimum flow rates recommended for a small animal where aT-piece is being used is 2,5-3,0 times the minute volume of the animal (Harrison, 1964) . The hamster has a minute volume 25-83 ml (Kleinman & Radford, 1964) , so that a flow rate of 500 ml/min is more than adequate for its anaesthesia.
The mean concentration of halothane in hamster blood was found to be 22· 75 ± 2·69 mg/l 00 m\. This may be compared with the figure of 17·3 mg/IOO ml obtained by Duncan & Raventos (1959) after a comparable 20 min period of anaesthesia in humans. The mean level of halothane in dystrophic hamster muscle was about 10 times higher, 226·2 ± 36,8 mg/IOO g wet weight muscle tissue. In human heart muscle, Lowe (1964) found that the concentration was 51 mgjlOO g, and, in contrast, 1000 mgjlOO g in fat. Bearing in mind the heterogeneity of skeletal muscle with respect to fat and muscle protein, and more particularly that dystrophic muscle contains more fat than normal muscle, it is to be expected that the observed concentration of halothane in dystrophic muscle lies within the figures reported by Lowe. The constancy of the blood/tissue partition coefficient is illustrated by the positive correlation on linear regression analysis (r= +0,94, p <0,02). Although the number of animals used for the halothane level experiments was small (4), the results obtained nevertheless indicate that muscle tissues are removing halothane from the blood pool at the time of their biopsy.
In conclusion, the anaesthetic procedure reported here is satisfactory for inducing and maintaining a controllable anaesthesia in normal and dystrophic hamsters.
The hamsters tolerate the anaesthetic well and satisfactory levels of halothane in blood and muscle are obtained.
